Objectives: The purpose of the study was to evaluate kinematic patterns in clinically normal Labrador and Rottweiler dogs trotting on a treadmill at a constant velocity. Methods: Ten Labrador Retrievers aged from 2.2 to 5.1 years, and 10 Rottweilers aged from two to 5.9 years were used. A three-dimensional capture system was used to perform analysis of joint kinematics. Kinematic data were collected by use of a triple-camera system. The kinematic study was performed first on the right side of the dog, and then on the left side. Data were analysed by use of a motion-analysis program. Flexion and extension joint angles, angular velocity and angular acceleration were determined for the shoulder, elbow, carpal, hip, stifle, and tarsal joints. between the right and left limbs in all variables were not significant. Significant differences occurred between Labradors and Rottweilers in the following categories: angular displacement and minimum angular acceleration of the stifle (Rottweiler >Labrador); angular displacement and maximum angular velocity of the tarsus (Rottweiler >Labrador); minimum angular velocity of the shoulder (Labrador >Rottweiler); angular displacement, maximum angular acceleration, maximum angular velocity, and minimum angular velocity of the elbow (Labrador>Rottweiler); and maximum angle and maximum angular velocity of the carpus (Labrador>Rottweiler). Clinical significance: Both breeds had similar kinematic patterns, but there were magnitude differences, especially of the elbow and stifle joints. Therefore, each breed should have a specific database.
Introduction
Subjective gait evaluations are commonly used in diagnosing clinical lameness in dogs. However, human perceptive skills are not as efficient and precise as objective gait evaluations for measuring gait patterns, and inter-and intra-observer variability may occur (1) (2) (3) (4) . Objective measurement techniques for gait analysis include force platforms, baropodometric systems, kinematic systems, electromyography, and electrogoniometry (1-3, 5, 6) . Force plate and computer-assisted kinematic are the most often used tools for the investigation of the kinetic and kinematic analyses in veterinary medicine (2, 5) . In several studies, kinematic analysis has been performed with force plate analysis or pressure sensing walkway systems where the characteristics of limb movement are correlated with ground-reaction force measurements (5, (7) (8) (9) (10) .
Non-invasive kinematic analysis identifies movement irrespective of the influence of weight and force or, more specifically, it describes the geometry of motion in terms of displacement, velocity and acceleration (4, 6) . There are different capabilities of capture systems, but a three-dimensional (3D) analysis enables the acquisition of more accurate data when compared with a two-dimensional (2D) analysis (4, 6, 11, 12) . Kinematic gait analysis provides information on subject velocity, segmental velocities of each portion of the limb, joint angles (flexion and extension data), angular velocities, temporal data, frequency, and stride length (5) . Sometimes, to facilitate statistical analysis of the movement, mathematical models for analysis of joint motion waveforms as polynomial equations and Fourier transformation have been used (2, 7, 13) .
Establishment of normative data in the healthy population is crucial to improve understanding and treatment of orthopaedic diseases (5, 14) . Breed specific kinematic studies adapted to breed conformation standards are necessary to explain how particular conformational features may affect the musculoskeletal function (11) . However, differences in type of locomotion such as walking or trotting, number of gait cycles analysed, trot velocity, habituation on the treadmill, and the method of 2D or 3D analysis used may limit the use of results from previous studies (9, (12) (13) (14) (15) (16) (17) (18) (19) .
The goal of this study was to evaluate kinematic patterns of forelimbs and hindlimbs in clinically normal Labrador and Rottweiler dogs trotting on a treadmill at a constant speed. The choice was based on high prevalence of orthopaedic diseases, such as hip dysplasia, cranial cruciate rupture, elbow dysplasia, and osteochondrosis in both of these breeds. We hypothesized that despite similarities in size, these two breeds of dogs would generate different kinematic data. In addition, breed-specific gait databases may be useful in comparing dogs with abnormal gaits.
Material and methods
This study followed the guidelines for the care and use of laboratory animals, and was approved by the Ethical Committee of the School of Veterinary Medicine and Animal Science, Unesp Botucatu (Brazil).
Twenty large, clinically healthy dogs were used. There were 10 Labrador Retrievers (2 males, 8 females) weighing 33.3-39.4 kg (mean 35.7 kg), and aged from 2.2 to 5.1 years, and 10 Rottweilers (3 males, 7 females) weighing 37.4-44.8 kg (mean 40.2), and aged from two to 5.9 years. All dogs were judged to be healthy on the basis of results of complete physical and orthopaedic examinations, and radiographic evaluation of the coxofemoral and femorotibial joints.
Data Collection
A 3D capture system was used to perform analysis of joint kinematics. Before beginning the kinematic analysis, the dogs were trained to trot on a custom-built canine treadmill for a mean period of two weeks. Each dog was trained every second day with three sessions per day, for approximately three to five minutes. In the first day, the dogs were initially accustomed to walking on the treadmill. Those dogs that became rapidly familiarized with the treadmill started trotting on the same day.
Each dog was tagged with 11 retroflective spherical markers (1.8 cm in diameter) placed by the same investigator using double-sided adhesive tape. Markers were placed on the skin over the dorsal point of the iliac crest, lateral prominence of the ischial tuberosity, eminence of the greater trochanter of the femur, femorotibial joint between the lateral epicondyle of the femur and the fibular head, lateral malleolus of the distal fibula, distal lateral aspect of the fifth metatarsus, the point of the cranial angle of the scapula, acromium of the scapulohumeral joint, lateral epicondyle of the humerus, styloid ulnar process, and distal lateral aspect of the fifth metacarpal bone.
Kinematic data were collected by use of a three-camera system a with a recording frequency of 120 Hz strategically placed on one side of the treadmill. The camera settings were: lens 8.5 mm, threshold level 25, Fig. 1 Graphs of flexion and extension angles, angular acceleration, and angular velocity of the carpal, elbow, shoulder, tarsal, stifle and hip joints in Labrador dogs. For all three columns, the x-axis represents the percent time elapsed (0 -100%). For the 1st column (Angles), the y-axis is 'Degrees', the y-axis for the 2nd column (Angular Acceleration) is 'Degrees/sec/sec', and the y-axis for the 3rd column (Angular Velocity) is 'Degrees/sec'. In the last two columns, the horizontal line dividing the y-axis in most of the individual charts is the marker for the value '0'. strobe 100, gain 2, circularity 25. For each analysis, the system was calibrated with the procedure DynaCal b , where a rod with known dimensions (0.39 m) was driven by the volume to be calibrated for a specified period (60 s). Later, an L-frame was positioned on the treadmill in the capture area to generate the origin and the spatial coordinate system with the XYZ axes. A three-dimensional testing space (3 m in length x 2.5 m in width x 2 m in height) was established on the treadmill. The kinematic study was performed with markers placed first on the right side of the dog, and then on the left side. For each analysis, the treadmill was repositioned and the system calibrated.
The dogs were led on a leash by a handler positioned at the front of the treadmill. The treadmill was started at a low speed that was increased gradually until the dogs achieved a normal trotting gait. Treadmill speed was maintained between 2.1 and 2.2 m/s while the cameras recorded movement. A minimum of five valid trials of seven seconds duration were obtained from the right and left sides of each dog. In each trial, five completed strides were analysed, yielding a single mean value for each side of each dog.
Specialised computer software was used to collect and process kinematic data. Data were analysed by use of a motion-analysis program c . The 11 individual markers were identified and labelled to construct a 3D stick-diagram representation of the dog. A stride was defined as the period from the beginning of the stance phase of the thoracic limb to the end of the swing phase of this limb. For the hindlimb, the beginning of stance phase was determined by the maximum extension of the stifle, and the beginning of swing phase was determined by the maximum extension of the tarsus at the end of the stance phase. For the forelimb, the beginning of stance phase was determined by the maximum extension of the elbow, and the beginning of swing phase was determined by the maximum extension of the carpus at the end of the stance phase. Flexion and extension joint angles (maximum, minimum, displacement), angular velocity (maximum, minimum), and angular acceleration (maximum, minimum) were determined for the shoulder, elbow, carpal, hip, stifle, and tarsal joints. The motion-analysis program automatically created tabulated digital data and the graphic presentation. In addition, the lengths of the limb segments were determined by measuring the distance between two markers. For the 1st column (Angles), the y-axis is 'Degrees', the y-axis for the 2nd column (Angular Acceleration) is 'Degrees/sec/sec', and the y-axis for the 3rd column (Angular Velocity) is 'Degrees/sec'. In the last two columns, the horizontal line dividing the y-axis in most of the individual charts is the marker for the value '0'.
Statistical analysis
Analysis of the kinematic data was by a repeated-measures analysis of variance with one crossover factor (side) and one nest factor (breed) (two-way ANOVA). The sequential Bonferroni adjustment procedure was applied for our contrasts. With two levels for the repeated factor (left or right), only one type of correlation was relevant, therefore a compound symmetry structure was used in our model.
Student's t-test for independent samples was performed to compare the lengths of the limb segments. Differences were considered significant at p <0.05.
Results
Adverse events were not observed. Within each group, the differences between the right and left limbs in all kinematic variables were not significant. The graphs of flexion and extension angles, angular velocity, and angular acceleration showed similar shape pattern in both groups (ǠFig. 1 and 2).
The differences between Labradors and Rottweilers in some kinematic parameters were significant (ǠTables 1, 2 and 3): angular displacement and minimum angular acceleration of the stifle (Rottweiler >Labra-dor); angular displacement and maximum angular velocity of the tarsus (Rottweiler >Labrador); minimum angular velocity of the shoulder (Labrador >Rottweiler); angular displacement, maximum angular acceleration, maximum angular velocity, and minimum angular velocity of the elbow (Labrador >Rottweiler); maximum angle and maximum angular velocity of the carpus (Labrador >Rottweiler).
The differences between lengths of the hindlimb segments within the same group 
Discussion
In order to facilitate gait analysis, the dogs in our study were observed at the trot. This gait pattern is considered to be a symmetrical gait in which the movements of one side of the body mirror the movements of the opposite side (2, 13). In a two-dimensional kinematic analysis using Labrador Retrievers and Labrador cross-breed dogs at the trot, the linear parameters (stride length, stride frequency, stride time, and linear velocity) and the angular parameters (angular displacement and velocity angular) for the right and left sides were similar (19) . Also, in the present study, the kinematic patterns of the right and left sides were similar for each breed. This suggests that intra-dog analysis or use of one limb to characterize patterns during the trot in healthy dog would be permissible (4, 13) . However, in a study using inverse dynamics analysis of gait, it was observed that during the trot, the dog has a mechanically dominant side (20) . In our study, the waveform curves of flexion and extension angles, angular velocity, and angular acceleration showed similar patterns in both groups. However, significant differences were observed in some kinematic parameters between Labradors and Rottweilers. In a study comparing trotting gaits in Labrador Retrievers and Greyhounds, although both breeds moved in a dynamically similar manner, the Greyhounds used fewer, longer strides than the Labrador Retrievers. This was mainly attributable to differences in body size of the dogs, emphasizing the importance of breed standardization (21) . Our results showed larger angular displacement for the stifle and tarsal joints in Rottweilers than Labradors, but the elbow joint had larger displacement in Labradors. Since the angular displacement is the difference between maximum angle and minimum angle, the Rottweilers had greater range-ofmotion of the stifle and lesser of the elbow at the trot compared to Labradors. At the trot, the hip joint extends slowly throughout the stance phase, and in the swing phase it follows with rapid flexion. The stifle joint extends at the end of stance phase corresponding to propulsion and the tarsal joint is similar to the stifle joint, but with higher magnitude of extension in late stance (2) . In another study, gross differences were observed in the angular and mechanical patterns of the metatarsophalangeal joints between Greyhounds and Labradors, and the stifle and tarsal joints showed larger displacement in the Greyhounds (16) .
Angular acceleration may change in either magnitude or direction (6) . For instance, dogs with hip dysplasia showed changes in coxofemoral joint articular acceleration in both stance (extension) and swing (flexion) phases of the stride, compared with controls (22) . In the present study, the minimum angular acceleration of stifle was significantly higher in Rottweilers than Labrador Retrievers, but the maximum angular acceleration of elbow was significantly higher in Labrador than Rottweilers, suggesting that Rottweilers have a higher retardation of the extension of the stifle and a lower angular acceleration in elbow flexion. The parametric differences observed between the dogs may be associated with the body morphology that is considered a determinant of baseline kinematics (2) . However, the angular acceleration depends on the size of the force, mass of the object, and the way in which the mass is distributed about the center of gravity (6) . Joint angular velocity (the rate of flexion and extension of a joint) is related to the dynamics of muscle activation and force generation during walking (6) . This information may be important in detecting subtle changes in joint motion during gait that are not detected by changes in joint angles (14) . Paw velocity and stifle angular velocity were kinematic variables that had the largest differences when comparing affected and unaffected limbs in dogs with cranial cruciate rupture (23) . In our study, most of the parameters of angular velocity of the elbow and shoulder, and maximum angular velocity of the carpal joint were higher in Labradors than Rottweilers, suggesting that the Labrador has a faster position change of these joints. This may be associated with conformational variation, since the measurement of the limb segments was higher in Rottweilers than Labradors in segment 3. In a study comparing ground reaction forces between clinically healthy Rottweilers and Labradors at the trot, the mean relative velocity was influenced by the limb length (24) .
Some limitations in our study were due to the limited number of cameras available. It was only possible to record one side at a time, and then recalibrate the system in each analysis to record the opposite side, which increased the time required to perform the examinations. Other anatomical measurements could have been included to establish the conformational data. Skin movement and soft tissue under the markers were also a potential source of error in the kinematic analysis. However, invasive procedures are unreasonable for clinical use.
In conclusion, both breeds had similar kinematic patterns, but there were magnitude differences, especially of the elbow and stifle joints. Therefore, each breed should have a specific database. These databases may be used for comparisons with injured clinical populations, but more studies are necessary to determine the importance of these differences in a clinical situation.
